A past history of hypertension was noted, and current medications including beta adrenergic blocking agents and nifedipine were continued preoperatively.
SUMMARY Paroxysmal hypertension after cardiac surgery is a phenomenon of physiological and clinical significance. The possible preoperative and intraoperative factors that may predict its occurrence were studied in 81 consecutive patients undergoing coronary artery surgery (n=58) or valve replacement (n= 27) , of whom 45 (56%) developed postoperative hypertension. Hypertension occurred significandy more often in those patients who received beta adrenergic blocking agents preoperatively and who underwent coronary artery surgery. Patients with hypertension had significantly higher mean left ventricular ejection fractions preoperatively (52%) than those without (41%) and required phentolamine significantly more often and isoprenaline significantly less often intraoperatively.
It is suggested that the significance of preoperative beta adrenergic blockade, the type of operation, and the intraoperative requirement for phentolamine in patients who developed postoperative hypertension may indicate the role of enhanced sympathetic activity and disturbance of cardiac receptors during surgery. Preoperative myocardial performance and the method of myocardial protection during surgery are likely to influence the occurrence of the hypertensive phenomenon.
Early postoperative hypertension complicating coronary artery surgery is well recognised with a reported incidence of 30600/. [1] [2] [3] The hypertensive episode usually develops within an hour of cardiopulmonary bypass, is well established by the time the patient returns to the intensive care unit, and if untreated persists despite adequate analgesia for [6] [7] [8] Cooper, Chtn-Brock, Jones, Tinker, Treasure (Table 2 ). These observations, however, did not reach statistical significance.
Discussion
The mechanisms of hypertension after cardiopulmonary bypass have been inconclusively investigated.
Increased systemic vascular resistance with normal cardiac output is characteristic of the haemodynamic profile.4 8 9 It is known that certain cardiac reflexes,'0 the sympathoadrenal system, and the reninangiotensin axis can cause pronounced peripheral vasoconstriction. In some studies of coronary artery surgery, postoperative hypertension has been associated with the severity of coronary artery disease,3 8 normality of preoperative angiography,8 preoperative beta adrenergic blockade,"I history of hypertension,3 and the number of vein grafts.8 The latter two factors were not found to be of importance in this study. An important finding was the lower incidence of hypertension after valve surgery.
Patients who did not become hypertensive postoperatively had a significantly lower ejection fraction preoperatively than hypertensive patients (p<005). Furthermore, the non-hypertensive patients had a significantly greater requirement for isoprenaline after cardiopulmonary bypass (p<0O05). In a study of 28 patients undergoing coronary artery surgery hypertension was reported to occur more often in patients with normal preoperative angiography.8 These findings suggest that preoperative myocardial performance is critical to the development of postoperative hypertension, provided that myocardial protection during surgery is adequate. A lower incidence of hypertension in previous reportsl 3 12 may represent either poorer preoperative myocardial performance or poorer methods of myocardial protection. Moderate systemic hypothermia with intermittent introduction of cold cardioplegia preserves myocardial performance,'3 affording better protection than either hypothermic ischaemic arrest, intermittent anoxic arrest, or single dose cardioplegia.
The difference in incidence of hypertension according to the type of operation may be related to sympathetic reflexes originating from the heart, great ves-94 sels, or coronary arteries. Cardiac reflexes with spinal sympathetic afferent input that are predominantly pressor in nature have been identified.14 Efferent sympathetic activity producing peripheral vasoconstriction is further observed in the cardiogenic hypertensive chemoreflex'°in response to stimulation of chemoreceptors in the vicinity of the left coronary artery. Surgical interference with the heart, great vessels, and coronary arteries may stimulate the reflexes, particularly during coronary artery surgery.
In favour of a reflex mechanism for hypertension after cardiopulmonary bypass is the paroxysmal nature of the hypertension and the temporal relation of increasing systemic vascular resistance with cardiac manipulation. Systemic vascular resistance increases in parallel with rises in plasma noradrenaline concentration during bypass9 and aortic cross clamping, '5 and both rise to a significantly greater extent in patients who become hypertensive postoperatively. 8 The major fraction of circulating noradrenaline is derived from innervation of vascular smooth muscle. 16 In our study patients who became hypertensive postoperatively required phentolamine, an alpha adrenergic antagonist, significantly more often during bypass (p=005), presumably because of increasing systemic vascular resistance. A profound sympathetic stimulus in the heart during bypass is further suggested by the observation that coronary sinus blood contains a higher concentration of noradrenaline that arterial blood immediately after cardiac reperfusion. 15 The sympathetic nervous system may be stimulated by a variety of other influences in the perioperative period including hypothermia,'7 hypotension, alterations in the flow pattern, '8 and haemodilution.19 Haemodilution may reduce the depth of intravenous anaesthesia on bypass and reduces blood viscosity.'9 Hypertensive and non-hypertensive patients cannot, however, be differentiated on the basis of hypothermia within the small range of operating temperatures in this study. Furthermore, the lack of correlation with total bypass time, volume of prime, and fall in packed cell volume mitigates against the putative contribution of flow changes, hypotension, and haemodilution in influencing systemic vascular resis- 20 In a study in which 14 of 15 patients receiving propranolol before coronary artery surgery became hypertensive, a significant correlation was found between postoperative serum propranolol concentrations and dose requirement for sodium nitroprusside."I In the present study, hypertensive patients who received preoperative beta adrenergic blockade tended to require a higher total dose of nitroprusside, although the difference was not significant.
The renin-angiotensin axis is activated by nonpulsatile renal perfusion,22 but evidence for its activation during cardiopulmonary bypass is confficting.92324 Renin may initiate hypertension through formation of angiotensin II, which is a potent pressor agent, or it may potentiate the vasoconstrictor effect of catecholamines in sustaining hypertension. 25 Renin secretion is known to occur in response to sympathetic stimulation, mediated by beta adrenergic receptors.26 Plasma renin activity is depressed during beta adrenergic blockade and remains so for 12 hours after withdrawal of the drug.27 Subsequent values for plasma renin activity show a rebound rise persisting for more than 72 hours in conjunction with a nonsignificant rise in blood pressure.27 It is not surprising that the role of the renin-angiotensin axis in hypertension after cardiopulmonary bypass hypertension is confused and probably diminished in circumstances of persistent beta adrenergic blockade.
A possible mechanism for hypertension after cardiopulmonary bypass is that of disturbance of cardiac receptors causing increased sympathetic nervous system tone. This is more likely to result in increased systemic vascular resistance in the presence of persistent beta adrenergic blockade. Further study is needed to identify critical surgical influences that trigger cardiac reflexes. An analysis of preoperative data indicates that myocardial performance is contributory to the hypertension. An increased incidence of the hypertensive phenomenon may represent improved myocardial protection during cardiopulmonary bypass.
